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AIR BAG INFLATOR WITH MOVABLE 
CONTAINER 

This application is a continuation of application Ser. No. 
08/304,487 ?led on Sep. 12, 194, abandoned. 

FIELD OF THE INVENTION 

The present invention relates to an apparatus for in?ating 
an in?atable device, such as an air bag that restrains an 
occupant of a vehicle in the event of sudden vehicle decel 
eration indicative of a collision. 

BACKGROUND OF THE INVENTION 

An apparatus for in?ating an in?atable vehicle occupant 
restraint, such as an air bag, is disclosed in US. Pat. No. 
5,131,680 (the ’680 patent). The apparatus disclosed in the 
’680 patent includes a container which stores gas for in?at 
ing the vehicle occupant restraint The apparatus further 
includes a body of pyrotechnic material and an igniter 
assembly for igniting the body of pyrotechnic material. The 
igniter assembly includes an ignition material which rapidly 
burns at a relatively high temperature to generate heat and 
?ame. The heat and ?ame generated by the ignition material 
ignite the body of pyrotechnic material. As the body of 
pyrotechnic material burns, hot combustion products emit 
ted by the body of pyrotechnic material pressurize and 
supplement the stored gas. 
The apparatus disclosed in the ‘680 patent also includes 

an actuator assembly which operates in response to vehicle 
deceleration indicative of a collision. The actuator assembly 
operates to actuate the igniter assembly, and also to rupture 
a burst disk to release a ?ow of gas from the container. The 
actuator assembly includes an ignition material which, when 
ignited, generates pressure against the head of a piston to 
move the piston. The moving piston ruptures the burst disk 
and strikes the igniter assembly to ignite the ignition mate 
rial in the igniter assembly. The ignition material in the 
igniter assembly then ignites the body of pyrotechnic mate 
rial within the container. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, an apparatus for 
use in in?ating an air bag comprises ?rst container means 
de?ning a ?rst chamber ?lled with in?ation ?uid. The 
apparatus further comprises second container means mov 
able within the ?rst chamber and de?ning a second chamber. 
The second chamber contains ignitable material. Igniter 
means ignites the ignitable material in the second chamber 
and thereby develops a thrust to propel the second container 
means within the ?rst chamber in a predetermined direction. 
By igniting the ignitable material in the second chamber, the 
igniter means also produces combustion products including 
heat for heating and pressurizing the in?ation ?uid in the 
?rst chamber to increase the temperature and pressure of the 
in?ation ?uid as the second container means is being pro 
pelled within the ?rst chamber in the predetermined direc 
tion. Means is provided for directing the in?ation fluid from 
the ?rst chamber to the air bag. The second container means 
includes tab means movable from a retracted condition to an 
extended condition. When extended, the tab means engages 
the ?rst container means to resist movement of the second 
container means in a direction opposite the predetermined 
direction. 
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2 
Preferably, the ignitable material in the second chamber at 

least partially encircles the igniter means. The igniter means 
and the ignitable material in the second chamber are separate 
from each other and spaced apart from each other. Also, the 
?rst container means includes a rupturable wall having (i) a 
?rst prede?ned portion which breaks away upon the second 
container means being propelled within the ?rst chamber, 
and (ii) a second prede?ned portion which breaks away 
when the ?rst prede?ned portion is unbroken and the pres 
sure in the ?rst chamber exceeds a predetermined pressure 
to relieve pressure in the ?rst chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other features of the present invention 
will become apparent to those skilled in the art to which the 
present invention relates from reading the following descrip» 
tion of the invention with reference to the accompanying 
drawings, in which: 

FIG. 1 is a schematic view of a vehicle occupant restraint 
apparatus in an unactuated condition and constructed in 
accordance with the present invention; 

FIG. 2 is a view of the apparatus of FIG. 1 in an actuated 
condition; and 

FIG. 3 is a view of the apparatus of FIG. 1 in an 
overpressurized, unactuated condition. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

As shown schematically in FIGS. 1 and 2, a vehicle 
occupant restraint apparatus 10 includes an in?atable vehicle 
occupant restraint 12, which is commonly referred to as an 
air bag. The apparatus 10 has an unactuated condition in 
which the air bag 12 is stored in a folded condition, as 
indicated in FIG. 1, and has an actuated condition in which 
the air bag 12 is in?ated, as indicated in FIG. 2. The 
apparatus 10 is actuated in response to vehicle deceleration 
of at least a predetermined magnitude indicative of a colli 
sion. The air bag 12 is then in?ated from the stored, folded 
condition to the in?ated condition in which it restrains 
movement of a vehicle occupant and protects the vehicle 
occupant from forcibly striking parts of the vehicle. 
The apparatus 10 further includes a pressure vessel 14. 

The pressure vessel 14 includes a tank 15 and an actuator 
assembly 16. The tank 15 and the actuator assembly 16 
together de?ne a sealed chamber 18 containing an in?ation 
?uid, which is preferably a gas, for in?ating the air bag 12. 
The actuator assembly 16 operates to release the gas from 
the chamber 18 upon the occurrence of vehicle deceleration 
indicative of a collision. The tank 15 has a cylindrical side 
wall portion 20, an annular end wall surface 22, and an end 
wall portion 24 located at the end of the side wall portion 20 
opposite the surface 22. The end wall portion 24 of the tank 
15 has a surface which de?nes an opening (not shown) 
extending through the end wall portion 24. 
An end cap (also not shown) is closely received in the 

opening in the end wall portion 24 of the tank 15. The end 
cap has a passage through which gas is conducted into the 
chamber 18. When the chamber 18 has been ?lled with gas 
at a desired pressure, the passage in the end cap is closed. 
The end cap may also include a conventional pressure 
switch which monitors the gas pressure in the chamber 18 to 
alert an occupant of the vehicle if the gas pressure drops 
below a predetermined level. 
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The in?ation ?uid in the chamber 18 may comprise a 

single gas or a mixture of gases. The in?ation ?uid in the 
chamber 18 is preferably a gas or a mixture of gases 
essentially free of components that would be ignitable and 
combustible within the chamber 18. The compositions of 
such gases and mixtures of gases which are suitable for 
in?ating the air bag 12 are known in the art. For example, 
argon is known as a preferred gas for in?ating an air bag. 
The chamber 18 is preferably ?lled with argon. ' 

The actuator assembly 16 includes a manifold 40 and an 
electrical circuit 42. The manifold 40 has a cylindrical side 
wall portion 44, an annular ?rst end wall portion 46 and a 
circular second end wall portion 48. The manifold 40 also 
has a lip portion 47 which projects outwardly from between 
the cylindrical side wall portion 44 and the ?rst end wall 
portion 46. The lip portion 47 of the manifold 40 has an 
annular edge surface 26 which abuts and is welded to the end 
wall surface 22 of the pressure vessel 14. The cylindrical 
side wall portion 44 of the manifold 40 further has a plurality 
of annular inner edge surfaces 50 de?ning a circumferen 
tially extending array of gas ?ow openings 51. 
A diffuser 180 includes opposite annular end portions 182, 

184 and a side wall portion 186 interconnecting the opposite 
annular end portions. The end portion 182 is welded to the 
side wall portion 20 of the tank 15, and the end portion 184 
is welded to the side wall portion 44 of the manifold 40. The 
air bag 12 is attached to the end portions 182, 184 of the 
diffuser 180 in a known manner. The end portions 182, 184 
de?ne in part a diffuser chamber 183 located between the 
end portions 182, 184. The side wall portion 186 of the 
diifuser 180 has a plurality of gas ?ow openings 188 through 
which in?ation ?uid can ?ow from the diffuser chamber 183 
into the air bag 12. 
The ?rst end wall portion 46 of the manifold 40 has an 

annular inner edge surface 52 de?ning a circular gas exit 
opening 54. The gas exit opening 54 is closed by a ruptur 
able wall 56. The rupturable wall 56 has a central portion 58 
and an annular rim portion 60. The central portion 58 
extends over the gas exit opening 54. The rim portion 60 of 
the rupturable wall is welded to an annular edge surface 49 
of the ?rst end wall portion 46 of the manifold 40. The 
rupturable wall 56 is thus supported on the manifold 40, and 
blocks gas from ?owing outward from the chamber 18 
through the gas exit opening 54, the gas ?ow openings 51 in 
the manifold 40, and the gas ?ow openings 188 in the 
diffuser 180 into the air bag 12. 
A combustion canister 64 having a longitudinal central 

axis 66 is supported in the manifold 40. The canister 64 
includes a circular base portion 68 and a cylindrical canister 
portion 70 which extends from the circular base portion 68 
along the axis 66. A lip portion 72 extends radially out 
wardly of the circular base portion 68. The circular base 
portion 68 has a hollow central portion 75 and a passage 77 
which extends between the hollow central portion 75 and an 
annular space 79 between the cylindrical canister portion 70 
and the side wall portion 44 of the manifold 40 adjacent the 
lip portion 72, as shown in FIG. 1. 
A plurality of tab members 99 are attached, such as by 

welding, to the outer periphery of the canister portion 70 of 
the canister 64. The tab members 99 are made of spring steel 
and are biased outward of the canister portion 70. Any 
suitable number of tab members 99 may be used, but 
preferably there are four tab members equally spaced around 
the circumference of the canister portion 70. The tab mem 
bers 99 are shown in FIG. 1 in a retracted condition. When 
the tab members 99 are in the retracted condition shown in 
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4 
FIG. 1, the tab members 99 press against the inner circum 
ferential surface of the cylindrical side wall portion 44 of the 
manifold 40. 
An annular end portion 74 of the combustion canister 64 

extends radially inwardly from an end of the cylindrical 
canister portion 70 opposite to the base portion 68. The 
annular end portion 74 de?nes a rearwardly facing opening 
91 in the canister portion 70 of the canister 64. The annular 
end portion 74 also de?nes, in part, a chamber 69 within the 
canister portion 70 of the canister 64. A ring-shaped ceramic 
insulator 76 is located in the chamber 69 adjacent the 
annular end portion 74. The insulator 76 is secured to the 
annular end portion 74 with a suitable adhesive material. 
An ignitable propellant material 80 is disposed in the 

chamber 69 of the canister portion 70 of the canister 64. The 
ignitable propellant material 80 is preferably BKNO3, and is 
preferably shaped as a ring which is closely ?tted within the 
chamber 69 against the canister portion 70 of the canister 64 
between the ceramic insulator 76 and the circular base 
portion 68, as shown in FIG. 1. The ignitable propellant 
material 80 thus has a cylindrical inner surface 82 extending 
along the longitudinal central axis 66 of the canister portion 
70 of the canister 64. 

An igniter 90 separate from the canister 64 extends 
through an opening in the second end wall portion 48 of the 
manifold 40. The igniter 90 also extends through the rear 
wardly facing opening 91 in the canister portion 70. As 
shown in FIG. 1, the igniter 90 and the canister portion 70 
of the canister 64, including the ignitable propellant material 
80 contained in the chamber 69 of the canister portion 70, 
are spaced apart from each other. The ignitable propellant 
material 80 contained in the chamber 69 of the canister 
portion 70 encircles the igniter 90, as shown in FIG. 1. The 
igniter 90 is of known construction, and emits products of 
combustion when actuated upon the passage of electric 
current between a pair of electrically conductive pins 92 in 
the igniter 90. The igniter 90 is ?xed to the second end wall 
portion 48 of the manifold 40, such as by a weld, crimp, or 
the like. 

The electrical circuit 42 includes a power source 150, 
which is preferably the vehicle battery, and a normally open 
switch 152. The switch 152 is preferably part of a vehicle 
deceleration sensor 154. The deceleration sensor 154 senses 
vehicle deceleration which is indicative of a collision, and 
closes the switch 152 in response to such vehicle decelera 
tion. Such a deceleration sensor is known in the art. The 
electrical circuit 42 extends through the igniter 90 between 
the pins 92. 
When the vehicle experiences a collision, the deceleration 

sensor 154 senses the deceleration of the vehicle that is 
caused by the collision and closes the switch 152. When the 
switch 152 is closed, electric current passes through the 
igniter 90 between the pins 92. The igniter 90 is then 
actuated and emits products of combustion which move into 
the canister portion 70 of the canister 64. The products of 
combustion emitted by the igniter 90 move against the 
cylindrical inner surface 82 of the tubular body of ignitable 
propellant material 80 to ignite the tubular body of ignitable 
propellant material 80 along its length. The ignitable pro 
pellant material 80 then burns and emits products of com 
bustion, including heat, ?ame and hot particles in the 
chamber 69 of the canister portion 70 of the canister 64. 
The combustion products emitted by the ignitable propel 

lant material 80 are initially contained within the chamber 
69 of the canister portion 70 of the canister 64. The com 
bustion products and the gas within the chamber 69 increase 
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in pressure as the ignitable propellant material 80 burns. The 
increasing pressure in the chamber 69 acts axially against 
the circular base portion 68. 
When the increasing pressure in the chamber 69 reaches 

a predetermined elevated level, the force of the pressure 
against the circular base portion 69 becomes great enough to 
move the canister 64 against the rupturable wall 56 force 
fully enough to rupture the rupturable wall 56, as shown in 
FIG. 2. When the rupturable wall 56 is thus ruptured, the 
force of the pressure in the chamber 69 acting axially against 
the circular base portion 68 acts as a thrust which propels the 
canister 64 axially away from the second end wall portion 48 
and into the chamber 18. The canister 64 thus opens the 
pressure vessel 14 to release the gas from the chamber 18. 

The combustion products emitted by the ignitable propel 
lant material 80, including heat, ?ame and hot particles, 
emerge from the opening 91 (shown with arrows 28 in FIG. 
2) as the canister 64 is being propelled through the gas in the 
chamber 18. The combustion products are thus dispersed in 
the gas in the chamber 18 suf?ciently to heat and further 
pressurize the gas substantially uniformly and rapidly 
throughout the chamber 18. The combustion products will 
heat and further pressurize the gas within the chamber 18 but 
will not ignite the gas because, as noted above, the gas is not 
ignitable within the chamber 18. 
The further pressurized gas in the chamber 18 ?ows 

through the gas exit opening 54 and through the gas ?ow 
openings 51 (shown with arrow lines 30 in FIG. 2) into the 
diifuser chamber 183. The diffuser 180 then directs the gas 
to ?ow from the di?user chamber 183 into the air bag 12 to 
in?ate the air bag 12 fully and rapidly. The manifold 40 and 
the diffuser 180 thus both act to direct the in?ation ?uid from 
the chamber 18 to the air bag 12. 

During movement of the canister 64 from the position 
shown in FIG. 1 to the position shown in FIG. 2, the tab 
members 99 move from the retracted condition shown in 
FIG. 1 to an extended condition shown in FIG. 2. When the 
tab members 99 are in the extended condition shown in FIG. 
2, the tab members 99 frictionally engage the inner surface 
of the side wall portion 20 to resist movement of the canister 
64 in a backward direction toward the position shown in 
FIG. 1. 

Referring to FIG. 3, the apparatus 10 is shown in an 
unactuated condition but having an abnormally high pres— 
sure condition in the chamber 18. In the event of an 
abnormally high pressure condition in the chamber 18, the 
rupturable wall 56 will rupture in its central region, as shown 
in FIG. 3. When the rupturable wall 56 ruptures in its central 
region as shown in FIG. 3, the in?ation ?uid in the chamber 
18 ?ows (shown with arrows 32 in FIG. 3) into the hollow 
central portion 75 of the circular base portion 68 and then 
through the passage 77 into the annular space 79 in the 
canister portion 70. The in?ation ?uid then passes through 
the openings 51 in the manifold 40 and thereby relieves the 
pressure in the chamber 18. 
From the above description of the invention, those skilled 

in the art to which the present invention relates will perceive 
improvements, changes and modi?cations. Such improve 
ments, changes and modi?cations within the skill of the art 
to which the present invention relates are intended to be 
covered by the appended claims. 

Having described the invention, the following is claimed: 
1. An apparatus for use in in?ating an air bag, said 

apparatus comprising: 
?rst container means for de?ning a ?rst chamber ?lled 

with in?ation ?uid; 
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6 
second container means movable within said ?rst cham 

ber and for de?ning a second chamber, said second 
chamber containing ignitable material; 

igniter means for igniting said ignitable material in said 
second chamber and developing a thrust to propel said 
second container means within said ?rst chamber in a 
predetermined direction and producing combustion 
products including heat for heating and pressurizing 
said in?ation ?uid in said ?rst chamber to increase the 
temperature and pressure of said in?ation ?uid as said 
second container means is being propelled within said 
?rst chamber in said predetermined direction; 

means for directing said in?ation ?uid from said ?rst 
chamber to the air bag; and 

said second container means including tab means mov 
able from a retracted condition to an extended condi 
tion and for, when in the extended condition, engaging 
said ?rst container means to resist movement of said 
second container means in a direction opposite said 
predetermined direction. 

2. An apparatus according to claim 1 wherein said means 
for directing said in?ation ?uid from said ?rst chamber into 
the air bag includes a diffuser having a plurality of openings 
through which said in?ation ?uid ?ows from said ?rst 
chamber of said ?rst container means into the air bag. 

3. An apparatus according to claim 1 wherein said ?rst 
container means includes a rupturable wall which, when 
ruptured, de?nes an exit opening through which said in?a 
tion ?uid ?ows outward from said ?rst chamber of said ?rst 
container means, said second container means being pro 
pelled against said mpturable wall to mpture said rupturable 
wall when said ignitable material in said second container 
means is ignited. 

4. An apparatus according to claim 1 wherein said tab 
means engages said means for directing said in?ation ?uid 
from said ?rst chamber into the air bag when said tab means 
is in the retracted condition. 

5. An apparatus according to claim 1 wherein said tab 
means comprises a plurality of tabs biased outward of said 
second container means and located along an outer periph- . 
ery of said second container means. 

6. An apparatus for use in in?ating an air bag, said 
apparatus comprising: . 

?rst container means for de?ning a ?rst chamber ?lled 
with in?ation ?uid; 

an opening in said ?rst container means through which 
in?ation ?uid may ?ow to in?ate the air bag; 

a rupturable wall extending across the opening to block 
?ow through the opening; 

second container means movable within said ?rst cham 
ber and for de?ning a second chamber, said second 
container means supporting a portion of said wall, said 
second chamber containing ignitable material; 

igniter means for igniting said ignitable material in said 
second chamber and developing a thrust to propel said 
second container means within said ?rst chamber in a 
predetermined direction and producing combustion 
products including heat for heating and pressurizing 
said in?ation ?uid in said ?rst chamber to increase the 
temperature and pressure of said in?ation ?uid as said 
second container means is being propelled within said 
?rst chamber in said predetermined direction; 

said ignitable material in said second chamber at least 
partially encircling said igniter means; and 

means for directing said in?ation ?uid from said ?rst 
chamber to the air bag. 
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7. An apparatus according to claim 6 wherein said means 
for directing said in?ation ?uid from said ?rst chamber into 
the air bag includes a di?user having a plurality of openings 
through which said in?ation ?uid ?ows from said ?rst 
chamber of said ?rst container means into the air bag. 

8. An apparatus according to claim 6 wherein said second 
container means being propelled through said rupturable 
wall to rupture said rupturable wall when said ignitable 
material in said second container means is ignited. 

9. An apparatus according to claim 8 wherein said rup 
turable wall includes (i) a ?rst prede?ned portion which 
breaks in response to said second container means being 
propelled, and (ii) a second prede?ned portion which breaks 
away to relieve pressure in said ?rst chamber when said ?rst 
prede?ned portion is unbroken and the pressure in said ?rst 
chamber exceeds a predetermined pressure. 

10. An apparatus according to claim 6 wherein said 
second container means including tab means movable from 
a retracted condition to an extended condition and for, when 
in the extended condition, engaging said ?rst container 
means to resist movement of said second container means in 
a direction opposite said predetermined direction. 

11. An apparatus according to claim 10 wherein said tab 
means engages said means for directing said in?ation ?uid 
from said ?rst chamber into the air bag when said tab means 
is in the retracted condition. 

12. An apparatus according to claim 10 wherein said tab 
means comprises a plurality of tabs biased outward of said 
second container means and located along an outer periph 
ery of said second container means. 

13. An apparatus for use in in?ating an air bag, said 
apparatus comprising: 

?rst container means for de?ning a ?rst chamber ?lled 

second container means movable within said ?rst cham 
ber and for de?ning a second chamber, said second 
chamber containing ignitable material; 

igniter means for igniting said ignitable material in said 
second chamber and developing a thrust to propel said 
second container means within said ?rst chamber in a 
predetermined direction and producing combustion 
products including heat for heating and pressurizing 
said in?ation ?uid in said ?rst chamber to increase the 
temperature and pressure of said in?ation ?uid as said 
second container means is being propelled within said 
?rst chamber in said predetermined direction; 

said ?rst container means including a rupturable wall 
having (i) a ?rst prede?ned portion which breaks away 
upon said second container means being propelled 
within said ?rst chamber, and (ii) a second prede?ned 
portion which breaks away to relieve pressure in said 
?rst chamber when said ?rst prede?ned portion is 
unbroken and the pressure in said ?rst chamber exceeds 
a predetermined pressure; and 

means for directing said in?ation ?uid from said ?rst 
chamber to the air bag. 

14. An apparatus according to claim 13 wherein said 
second container means is propelled against said rupturable 
wall to break away said ?rst prede?ned portion when said 
ignitable material in said second container means is ignited. 
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15. An apparatus for use in in?ating an air bag, said 

apparatus comprising: 
?rst container means for de?ning a ?rst chamber ?lled 

with in?ation ?uid; 
second container means movable within said ?rst cham 

ber and for de?ning a second chamber, said second 
chamber containing ignitable material, said second 
container means being guided by a portion of said ?rst 
container means for predetermined distance; 

igniter means for igniting said ignitable material in said 
second chamber and developing a thrust to propel said 
second container means within said ?rst chamber in a 
predetermined direction and producing combustion 
products including heat for heating and pressurizing 
said in?ation ?uid in said ?rst chamber to increase the 
temperature and pressure of said in?ation ?uid as said 
second container means is being propelled within said 
?rst chamber in said predetermined direction, said 
igniter means and said ignitable material in said second 
chamber being separate from each other and radially 
spaced apart from each other; and 

means for directing said in?ation ?uid from said ?rst 
chamber to the air bag. 

16. An apparatus according to claim 15 wherein said 
means for directing said in?ation ?uid from said ?rst cham 
ber into the air bag includes a diffuser having a plurality of 
openings through which said in?ation ?uid ?ows from said 
?rst chamber of said ?rst container means into the air bag. 

17. An apparatus according to claim 15 wherein said ?rst 
container means includes a rupturable wall which, when 
ruptured, de?nes an exit opening through which said in?a 
tion ?uid ?ows outward from said ?rst chamber of said ?rst 
container means, said second container means being pro 
pelled against said rupturable wall to rupture said rupturable 
wall when said ignitable material in said second container 
means is ignited. 

18. An apparatus according to claim 17 wherein said 
rupturable wall includes (i) a ?rst prede?ned portion which 
breaks in response to said second container means being 
propelled, and (ii) a second prede?ned portion which breaks 
away to relieve pressure in said ?rst chamber when said ?rst 
prede?ned portion is unbroken and the pressure in said ?rst 
chamber exceeds a predetermined pressure. 

19. An apparatus according to claim 15 wherein said 
second container means including tab means movable from 
a retracted condition to an extended condition and for, when 
in the extended condition, engaging said ?rst container 
means to resist movement of said second container means in 
a direction opposite said predetermined direction. 

20. An apparatus according to claim 19 wherein said tab 
means engages said means for directing said in?ation ?uid 
from said ?rst chamber into the air bag when said tab means 
is in the retracted condition. 

21. An apparatus according to claim 19 wherein said tab 
means comprises a plurality of tabs biased outward of said 
second container means and located along an outer periph 
ery of said second container means. 


